Abstract: Virgo is a gravitational wave antenna aiming at the detection of gravitational waves emitted by astrophysical sources in a frequency range comprised between 10 Hz and a few kHz. The detector design and its present status are presented.
Introduction
According to Einstein's theory of general relativity, a change in the quadrupole moment of a mass produces a gravitational wave propagating through space-time at the speed of light [1] . Since large quantities of matter undergoing large accelerations are required to produce a detectable gravitational wave, best candidates as gravitational wave sources are compact astrophysical objects such as neutron stars, supernovae explosions and black holes. The big bang has certainly been a source of intense gravitational waves which, depending on the model, could be detectable by future generation antennas.
Even if studied for a long time the gravitational force remains the most mysterious among the known interactions. Due to the small amount of data available, the unification of the gravitational force with the other known forces remains mostly a theoretical exercise. The detection of gravitational waves will provide new data to understand the behaviour of the gravitational force in extreme conditions. More generally, new fundamental data will be collected about the structure of matter inside compact astrophysical objects. Thanks to the weakness of the gravitational interaction, matter is relatively transparent to gravitational waves. As a consequence, gravitational waves travel across the universe without being noticeably scattered and their detection will allow to observe regions of the universe (e.g. galaxies cores) invisible to ordinary electro-magnetic observation. Moreover, since gravitational waves are emitted by the coherent motion of large quantities of matter, their detection will give us a radically different view of astrophysical objects. This will start a new kind of astronomy and it will open a new window on the universe.
The first real attempt to build and run a gravitational wave detector was made by Joe Weber in the early sixties. So far two types of detectors have been developed: resonant detectors and laser interferometers. While resonant detectors have been in operation for several years, km-scale interferometers are just now entering into operation [2, 3, 4, 5] : the Virgo detector is one ofthese.
The Virgo detector [3, 6, 7] , is a laser interferometer with 3-km long arms aiming at the detection of gravitation waves in a frequency range comprised between 10 Hz and a few kHz. The attempt to extend the detection window down to 10 Hz represents the main peculiarity of Virgo compared to other similar projects. The detector has been built by a French-Italian collaboration near Pisa in Italy and it is now going through the commissioning phase.
Detector design
The lay-out of the Virgo interferometer is shown in Figure 1 . All the mirrors of the interferometer are suspended from a chain of pendulums so that they are equivalent to freely falling masses at all frequencies above the pendulum resonant frequencies. As a gravitational wave passes through the interferometer one of the arms gets longer while the other gets shorter. This induces a change in the interference pattern that is detected by a continuous monitoring ofthe light leaving the interferometer output port.
In order to amplify the light phase shift induced by the gravitational wave, each arm contains a Fabry-Perot cavity having a finesse of 50. To achieve maximal sensitivity, the interferometer arm length difference is appropriately set to have destructive interference at the interferometer output port. In this condition all the light is reflected toward the laser and it can be re-injected in the interferometer using an additional mirror called the recycling mirror. This light power recycling technique, can increase the amount of light impinging on the beam splitter by about two orders of JTuB4 magnitude and, as a consequence, improve the interferometer sensitivity. To reach this goal the optical losses inside the interferometer should be kept to the minimum. For this reason the mirrors are made of high quality fused silica and the surface deformations are less than X/100 over the whole mirror surface. In order to keep losses in the ppm range on such a large mirrors (35 cm diameter and 10 cm thick) Virgo has developed its own coating facility in Lyon. The interferometer is illuminated with a 20 W laser. This is a Nd:YAG crystal (slave laser), pumped with ten laser diodes and injection locked to a non-planar-ring-oscillator master laser delivering about 1 W. Before entering the interferometer, the beam is spatially filtered by means of an input mode-cleaner ( Figure 1 ). This is a 143-m long triangular cavity having a finesse of 1140. The cavity is formed by two nearby flat-mirrors, optically contacted to a dihedron, and a far curved mirror both being suspended and under vacuum. This suspended cavity is also used for laser frequency stabilization purposes.
The light exiting the interferometer at the output port is optically filtered using an output mode-cleaner. The output mode-cleaner is a short rigid triangular cavity made from a piece of silica properly polished and coated. This cavity has an optical length of about-3.6 cm and a finesse of 50. Once filtered, the light is split over an array of InGaAs photodiodes with quantum efficiency larger than 90%.
Apart from the laser system and the light sensors, the whole interferometer is kept under vacuum at a pressure of 1 09 mbar.
Each mirror of the interferometer is suspended to a seismic isolator called super-attenuator [8] . Super-attenuators are based on a six-stage pendulum suspended to a pre-isolator which is an inverted pendulum (see Figure 1 ). The construction at the site was started in 1996 and was organized in two steps; first the central part of the infrastructure was built and then the construction of the two long arms started. While the arms were being built, the central part of the interferometer was installed. From an optical point of view this involved all the components included in the gray box shown in Figure 1 .
The commissioning of the central interferometer (CITF) has been the first step in the commissioning of the Virgo detector [7] . It started in March 2001 and was completed in July 2002 when the CITF was shut down to complete the assembly of the 3-km long interferometer.
The assembly of the whole interferometer was completed in the fall of 2003. Since then Virgo is in the commissioning phase. The commissioning of the interferometer went through different phases: first each of the two Fabry-Perot cavities was commissioned, then the two beams were recombined and finally the recycling cavity was operated. In the fall of 2004 all the cavities composing the interferometer were locked to the resonance of the TEMoo mode for the first time and the detector entered the noise hunting phase.
